We present two new sets of complete light curves of EQ Tauri (EQ Tau) In the three observing seasons, the light curves show a noticeable variation in the time-scale of years. The more massive component of EQ Tau is a solar-type star (G2) with a very deep convective envelope, which rotates about 80 times as fast as the Sun. Therefore, the change can be explained by dark-spot activity on the common convective envelope. The assumed unperturbed part of the light curve and the radial velocities published by Rucinski et al. were used to determine the basic parameters of the system, which were kept fixed for spot modelling in the three sets of light curves. The results reveal that the total spotted area on the more massive component covers 18, 3 and 20 per cent of the photospheric surface in the three observing seasons, respectively. Polar spots and high-latitude spots are found. The analysis of the orbital period has demonstrated that it undergoes cyclical oscillation, which is due to either a tertiary component or periodic magnetic activity in the more massive component.
I N T RO D U C T I O N
Since the variable EQ Tauri (EQ Tau) was discovered by Tsesevich (1954) , photometric observations of EQ Tau have been carried out by Benbow & Mutel (1995) , Buckner, Nellermoe & Mutel (1998) , Yang & Liu (2002a) , Pribulla & Vaňko (2002) , Vaňko et al. (2004) , Zola et al. (2005) , Alton (2006) and Hrivnak et al. (2006) . Spectroscopic observations and analysis were first published by Rucinski et al. (2001) , who presented the spectroscopic mass ratio q = 0.442 ± 0.007. The orbital period of EQ Tau has been analysed by Qian & Ma (2001) , who concluded that the orbital period was decreasing, and attributed this to the mass transfer between components. However, Alton (2006) has argued that EQ Tau has undergone a very slow orbital period rate increase since at least late 1996. Yang & Liu (2002a) first gave the photometric-spectroscopic mass ratio q = 0.4457 ± 0.0011, as well as magnetic activity with a period of 23 yr in the secondary component. A typical O'Connell effect was found in all light curves, except for the light curves of Vaňko et al. (2004) , which span two observing seasons, and the light curves of Alton (2006) , which show a large scatter. In order to explain the O'Connell E-mail: yjz@ynao.ac.cn effect, Yang & Liu (2002a) concluded that a cool area existed on the surface of the secondary component, Zola et al. (2005) assumed a cool spot on the primary component surface, and Hrivnak et al. (2006) chose a hotspot to model the asymmetry in the two maxima and the intrinsic variability of the primary maximum.
In order to study the photometric activity and star-spot, light curves obtained in different observing seasons should be compared and investigated. So, we monitored EQ Tau in three years. Two light curves in the B and V bands (LCs 1) were obtained in 2000 October, and two other light curves in the B and V bands (LCs 3) were obtained in 2004 December. Fortunately, Yang & Liu (2002a) observed the binary system with the same telescope that we have used, and obtained two light curves in the B and V bands (LCs 2) in 2001 December. When the three sets of light curves were plotted in Figs 1 and 2, we found that the light curves show noticeable photometric variation, as mentioned above.
C C D P H OTO M E T R I C O B S E RVAT I O N S A N D DATA R E D U C T I O N
Our photometric observations of EQ Tau in the B and V bands were carried out on 2000 October 30 and 31 and 2004 December 11, 12, 18 and 21, with the PI1024 TKB CCD photometric system attached to the 100-cm reflecting telescope at the Yunnan Observatory, China. The effective field of the CCD camera is 6.5 × 6.5 arcmin 2 at the Cassegrain focus. The effective passbands we used are close to the standard UBV photometric system. The integration time for each image was 100 s, which was equal to that used by Yang & Liu (2002a) . The comparison and check stars we used are also the same as those used by Yang & Liu (2002a) . In total, 119 CCD images in the B band and 121 images in the V band were obtained in 2000 October, and 138 images in the B band and 175 images in the V band were obtained in 2004 December. Additionally, a time of second minimum in the V band was obtained on 2004 January 14, and a time of primary minimum in the V band on 2006 November 17.
The data reduction was performed by using the aperture photometry package IRAF.
1 Extinction corrections were ignored as the comparison star is very close to the variable. Our data suggested that the comparison star did not vary between 2000 and 2004 as the 1 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., under contract to the National Science Foundation.
differential magnitudes between the comparison star and check star varied little (i.e. ∼0.01 mag). The corresponding data are listed in Tables 1 and 2 with the Heliocentric Julian Date and the magnitude difference between EQ Tau and the comparison star. Several timings of light minimum were obtained, and are listed in Table 3 . The light curves are displayed in Fig. 1 for the B band and in Fig. 2 for the V band, together with the light curves observed by Yang & Liu (2002a) . The orbital period we adopted to calculate the phase was taken from Yang & Liu (2002a) (i.e. 0.34134719 d) , which is close to the correct value between 2000 and 2004 (see Section 3).
O R B I TA L P E R I O D C H A N G E S O F E Q TAU
From 2001 to 2006, the period of EQ Tau was analysed for six different times, but with different results. Qian & Ma (2001) concluded a decreasing orbital period; Alton (2006) concluded an increasing orbital period; Hrivnak et al. (2006) thought there was a discrete period change around 1974; Yang & Liu (2002a) and Pribulla & Vaňko (2002) proposed a cyclical period change with a period of 23 and 50.2 yr, respectively.
In order to discover the behaviour of the change in the period, we collected all photographic, spectroscopic and CCD times of minimum seen in the literature (see Table 4 ). The data have a coverage of 64 yr. The photographic times were taken from Pribulla et al. (2001) . Our six new times of minimum (see Table 3 ) are also included in Table 4 . With the ephemeris given by Kreiner, Kim & Nha (2000) Min I = 244 0203.4343
the O − C values of all times of minimum were computed and are listed in Table 4 . The corresponding O − C values displayed in Fig. 3 show a sinusoidal variation, so we have fitted them with a sinusoidal term plus a linear term. In the fitting process, a weight of 10 is used for photoelectric, spectroscopic and CCD data, and 1 for photographic data. A weight of 1 is given to the photoelectric times of Magalashvili & Kumsishvili (1971) as some of the minimum times are based only on partial coverage of the minimum. A leastsquares fit to the data gave the following ephemeris
The new ephemeris is plotted in the upper panel of Fig. 3 with a solid line, and the linear term in the new ephemeris with a dashed straight line. Fig. 3 shows that the new ephemeris has a good fit. A cyclical variation with a period of 48.5 yr and an amplitude of 0.0129 d is superposed on the straight line, which gives the corrected period 0.341348056 d. This result is close to that given by Pribulla & Vaňko (2002) . As the times of minimum that we have added in the latest five years extend over the turning point around 2001, a variation with a period of 48.5 yr can be confirmed. The residuals with respect to equation (2) are listed in Table 4 .
C H A N G E O F L I G H T C U RV E S A N D P H OTO M E T R I C S O L U T I O N S
As shown in Figs 1 (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 . We have assumed that the first half (in the phase interval 0.0-0.5) of LCs 2 in each band is not affected by spots because the first maximum of LCs 2 in each band is the highest of all maxima in the three sets of light curves. Next, using these unperturbed parts of LCs 2, we made up symmetric light curves, which are plotted in Fig. 4 . The symmetric light curves and the radial velocities published by Rucinski et al. (2001) were analysed together to obtain the basic solutions. The photometric-spectroscopic solutions for the symmetric light curves are listed in Table 5 . During the solution process, we adopted mode 3 for the overcontact binary as used by Yang & Liu (2002a) , Vaňko et al. (2004) , Zola et al. (2005) and Hrivnak et al. (2006) . The temperature of the primary star (star eclipsed at primary light minimum) (T 1 = 5800 K), the gravity-darkening coefficients (g 1 = g 2 = 0.320) and the bolometric albedo (A 1 = A 2 = 0.5) were taken from Yang & Liu (2002a References: (1) Tsesevich (1954) ; (2) (2005); (35) Alton (2006). a The times of minimum observed by Magalashvili & Kumsishvili (1971) , which were sometimes based on partial coverage of the light minimum. Table 6 . Differential magnitude values of the light curves at two maxima and two minima for each of the three observing seasons. Table 6 lists the differential magnitude values of the light curves at the two maxima and the two minima for each of the three observing seasons. On the basis of the basic parameters derived from the light curves unperturbed by the spot, spot parameters could be solved for the light curves in the three observing seasons. Spots are assumed to be located on the primary component, as the primary component is a solar-type star. The number of spots in each season was roughly estimated according to the comparison of the two maxima in the corresponding season with the symmetric unperturbed light curves. This method can avoid the uncertainty of spots. Table 6 shows that the first and second maxima of LCs 1 are much lower than the first maximum of LCs 2 by 0.039 and 0.046 mag in the B band, and 0.059 and 0.055 mag in the V band, respectively. 14 months later, the second maximum of LCs 2 in each band grew higher, but was still slightly lower than the first maximum of LCs 2 in the corresponding band. However, in 2004 December, the first maximum of LCs 3 is slightly lower than the first maximum of Using the basic parameters derived above, three sets of light curves were analysed with spots. Our solutions for the light curves in the three different seasons are listed in Table 7 , and the theoretical light curves (solid lines) computed with spot(s) are plotted in Fig. 5 for LCs 1, in Fig. 6 for LCs 2 and in Fig. 7 for LCs 3. The fit of computed light curves is good for LCs 1 and LCs 2, but worse for LCs 3 because of a slightly large scatter of LCs 3. The change of dark spots on the more massive component in the three observing seasons is plotted in Fig. 8 .
D I S C U S S I O N A N D C O N C L U S I O N S
A cycle was determined from the analysis of the orbital period. The variation period coincides with 50.2 yr given by Pribulla & Vaňko (2002) . As the times of light minimum in the latest five years were added, a cyclical variation with a period of 48.5 yr was confirmed.
The light-time effect is a possible reason for the cyclical variation. The quasi-sinusoidal O − C curve allows us to assume that the orbit of the tertiary component is circular. The mass of the tertiary component M 3 depends on the orbital inclination i . M 3 has minimum values when i = 90
• , which is very close to the inclination of the binary system i = 85.
• 21. So we assumed i = 85.
• 21. The corresponding mass M 3 is 0.27 M , which is much smaller than the mass of the more massive component (1.23 M ). Its light contributes little to the total luminosity and cannot be detected. This suggests that a tertiary component may exist.
The magnetic-activity mechanism (Applegate 1992 ) provides another explanation. Magnetic activity produces variations in the distribution of angular momentum, and then variations in the oblateness of the active component. So the gravity between two components and the orbital period changes slightly periodically. We have assumed that the more massive component is active as it can support more energy to drive the angular momentum transfer. The required angular momentum transfer between the inner and outer parts in a modulation period can be calculated using (see Applegate 1992, equation 27 )
where R 1 and M 1 are the mass and radius of the active component, and a is the separation between the two components. This gives J = 1.70 × 10 47 g cm 2 s −1 . The required energy is given by
where I out is the moment of inertia of the outer part. is the differential angular velocity between the inner and outer parts, which is equal to J/I out . I out can be computed if we assume that the mass of the outer part is ∼0.1 M 1 . This gives E = 5.61 × 10 40 erg. The corresponding luminosity variation L is 0.030 L . This luminosity can cause the binary system to vary by about ∼0.02 mag. This is supported by our observation (see Table 6 ).
Photometric solutions suggest that the spots on the more massive component are active. As demonstrated in Table 7 , spots cover 18 per cent of the surface area of the massive component in 2000 October. The percentage decreased to 3 per cent in 2001 December, then increased to as much as 20 per cent in 2004 December. As on the Sun, the total spotted area can be used as an index of the overall magnetic activity (Lanza et al. 1998 ). Thus, magnetism in the primary component is active.
In fact, spot activity derived from the light curves of several observing seasons and the corresponding magnetic activity also appear in many other W UMa binary stars, such as AU Ser (Gürol 2005) , U Peg (Djurašević et al. 2001) , AD Cnc (Qian et al. 2007 ), FG Hya (Qian & Yang 2005) and CE Leo (Yang & Liu 2002b) .
It is interesting that the polar spots appeared in 2000 October and 2004 December. Additionally, the spot in 2001 December is near the pole. This solution is consistent with our prediction. As shown in Figs 1 and 2, LCs 1 and 3 are lower than the unperturbed parts of LCs 2. First, this suggests that there is a spot distribution that is visible at all phases (i.e. a polar spot or a quasi-uniform low-latitude band of spot). Secondly, although Byrne (1996) analysed the reliability on polar spots, and criticized the existence of polar spots, polar spots often appear in Doppler imaging (see, for example, Strassmeier & Rice 1998; Lister, Collier Cameron & Bartus 1999; Vogt et al. 1999; Jeffers, Collier Cameron & Barnes 2005) . Thirdly, a high-latitude spot is consistent with flux-tube models, which predict higher spot latitudes with higher rotational angular velocity but with a larger depth of convective envelope as well (Zboril & Djurašević 2003) . Although the latitude of the star-spot cannot be reliably estimated from light curves alone (Lanza & Rodonò 1999) , our work can still give one possible location of spots.
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